Terminal excitability of the corticostriatal pathway. II. Regulation by glutamate receptor stimulation.
The influence of impulse activity and glutamate receptor stimulation on the electrical excitability of the corticostriatal terminal field was explored. Antidromic responses were recorded from prefrontal cortical neurons the electrical stimulation of their terminal field in the contralateral striatum. Terminal excitability was assessed by determining the percentage of subthreshold current stimulus presentations eliciting an antidromic response. Terminal excitability was found to be positively correlated with variations in spontaneous firing rate: increases and decreases in firing rate were accompanied by corresponding changes in the percentage of antidromic responses elicited by a subthreshold stimulus. Drugs were applied to the striatal stimulation site in a volume of 312 nl delivered over 5 min. Striatal administration of either the competitive NMDA antagonist D-alpha-aminoadipate (DAA) or D-2-amino-7-phosphonoheptanoate (AP-7) or the competitive non-NMDA antagonist 6-cyano-7-nitroquinoxaline-2,3 dione (CNQX) blocked the correlation between excitability and firing rate. Further examination revealed that the terminal field was rendered more excitable for a period of 20-80 ms following the arrival of an action potential. This post-impulse facilitation of terminal excitability was attenuated after local application of AP-7 (10 microM) or CNQX (20 microM). At half these doses, AP-7 or CNQX produced a non-significant effect, however when administered simultaneously a significant attenuation was observed. The participation of interneurons in these excitability effects was ruled out since they were still seen following kainic acid lesions. We propose that this impulse-dependent enhancement in terminal excitability results from the release of glutamate induced by the action potential in the terminal field and the subsequent stimulation of glutamate autoreceptors on the terminals.